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(57) A bearing for a gear pump includes a bearing
body (126) defining a bearing bore (128) defined there-
through along an axis for receiving a gear shaft (110).
The bearing bore defines a cylindrical bearing inner di-
ameter surface (130). The bearing body defines an outer
mating surface (132) configured for mounting to another
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bearing body. A groove (134) is defined in the inner di-
ameter surface along an axial direction relative to the
axis to provide clearance for gear journal motion between
the inner diameter surface and the gear shaft. The groove
is defined in a portion of the inner diameter surface op-
posite the mating surface.
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present disclosure relates to gear pumps,
and more particularly to bearing arrangements for gear
pumps such as used in an aircraft Fuel Metering Unit
(FMU).

2. Description of Related Art

[0002] Gear pumps often include two gears, usually of
a similar configuration, that mesh with each other inside
of a housing. A first or drive gear is an extension of a
drive shaft; as it rotates, it drives a second gear, com-
monly referred to as the driven gear. As the gears rotate
within the housing, fluid is transferred from an inlet to an
outlet of the pump. Either spur gears or helical gears may
be used, however, spur gears are most common.
[0003] Traditional gear pumps have a clearing be-
tween the gear outer diameter and the housing bore inner
diameter which can allow the gears to move within the
housing at different operating conditions. Some gear
journal bearings and gears require bearing inner diame-
ter clearance (gear journal outer diameter clearance) that
is less than the distance that the gears can travel within
their bore. This can allow the gears to contact the bear-
ings in some conditions.

[0004] The conventional techniques have been con-
sidered satisfactory for their intended purpose. However,
there is an ever present need for improved pump bear-
ings. This disclosure provides a solution for this need.

SUMMARY OF THE INVENTION

[0005] A bearing for a gear pump includes a bearing
body defining a bearing bore defined therethrough along
an axis for receiving a gear shaft. The bearing bore de-
fines a cylindrical bearing inner diameter surface. The
bearing body defines an outer mating surface configured
for mounting to another bearing body. A groove is defined
in the inner diameter surface along an axial direction rel-
ative to the axis to provide clearance for gear journal
motion between the inner diameter surface and the gear
shaft. The groove is defined in a portion of the inner di-
ameter surface opposite the mating surface.

[0006] The groove can be defined in a half of the inner
diameter surface thatis farthest from the mating surface.
The groove can be a clearance groove and a lubrication
groove can be defined inthe inner diameter surface along
the axial direction relative to the axis to provide clearance
for lubrication to enter the bearing. The lubrication groove
can be defined in a portion of the inner diameter surface
proximate the mating surface. The lubrication groove can
be defined in a half of the inner diameter surface that is
closest to the mating surface. The clearance groove and
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the lubrication groove can both be defined in an inlet half
or in an outlet half of the inner diameter surface. The
groove can have a lunate cross-sectional shape in axial
cross section.

[0007] A bearing assembly for a gear pump includes
a first bearing as described above and a second bearing
as described above, wherein the mating surface of the
first bearing is mounted to the mating surface of the sec-
ond bearing. In the first bearing, the clearance groove
and the lubrication groove can both be defined inan outlet
half of the inner diameter surface, and in the second bear-
ing, the clearance groove can be defined in an inlet half
of the inner diameter surface and the lubrication groove
can be defined in an outlet half of the inner diameter
surface.

[0008] These and other features of the systems and
methods of the subject disclosure willbecome more read-
ily apparent to those skilled in the art from the following
detailed description of the preferred embodiments taken
in conjunction with the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] So that those skilled in the art to which the sub-
ject disclosure appertains will readily understand how to
make and use the devices and methods of the subject
disclosure without undue experimentation, preferred em-
bodiments thereof will be described in detail herein below
with reference to certain figures, wherein:

Fig. 1 is a schematic exploded perspective view of
an exemplary embodiment of a gear pump construct-
ed in accordance with the present disclosure, show-
ing the bearings;

Fig. 2 is a schematic axial end elevation view of two
of the bearings of Fig. 1, showing two bearings as-
sembled together; and

Fig. 3 is a schematic perspective view of the two
bearings of Fig. 2.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0010] Reference will now be made to the drawings
wherein like reference numerals identify similar structural
features or aspects of the subject disclosure. For purpos-
es of explanation and illustration, and not limitation, a
partial view of an exemplary embodiment of a gear pump
in accordance with the disclosure is shown in Fig. 1 and
is designated generally by reference character 100. Oth-
er embodiments of gear pumps in accordance with the
disclosure, or aspects thereof, are provided in Figs. 2-3,
as will be described. The systems and methods de-
scribed herein can be used to improve gear pump per-
formance.

[0011] The gear pump 100 includes a drive gear 102
that meshes with a driven gear 104. Fluid introduced to
a pump inlet, schematically indicated by the arrow 106
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in Fig. 1, is captured between the teeth of the drive gear
102 and the driven gear 104 and is conveyed to the pump
outlet, schematically indicated by the arrow 108 in Fig.
1. The drive gear 102 is mounted to a drive gear shaft
110, which is supported for rotation by a first journal bear-
ing 112 on one side, and a second journal bearing 114
on the opposite side. The driven gear 104 is mounted to
a driven gear shaft 116, which is supported for rotation
by a third journal bearing 118 on one side, and a fourth
journal bearing 120 on the opposite side. Journal bear-
ings 112 and 118 are joined together in a first bearing
assembly 122, and journal bearings 114 and 120 are
joined together in a second bearing assembly 124 sub-
stantially similar to the first bearing assembly 124.
[0012] With reference now to Fig. 2, one of the bearing
assemblies 122 is shown. Each bearing 112 and 118
includes a bearing body 126 defining a bearing bore 128
defined therethrough along an axis A or B, respectively
for receiving the respective gear shaft 110, 116 of Fig.
1. Each bearing bore 128 defines a cylindrical bearing
inner diameter surface 130. Each bearing body 126 de-
fines a respective outer mating surface 132. The mating
surface 132 of the first bearing 112 is mounted to the
mating surface 132 of the second bearing 118. Note that
these are not necessarily physically attached to one an-
other, but can be installed adjacent to one another.
[0013] With reference to Fig. 3, a respective groove
134 is defined in the inner diameter surface 130 of each
bearing 112 and 118 along an axial direction relative to
respective the axis A, B to provide clearance for gear
journal motion between the inner diameter surface 130
and the respective gear shaft 110, 116 of Fig. 1. The
groove 134 is defined in a portion 136 indicated with
dashed lines in Fig. 2 of the inner diameter surface 130
opposite the respective mating surface 132.

[0014] With reference again to Fig. 2, the groove 134
is defined in a portion 136 that spans a half of the inner
diameter surface 130 that is farthest from the respective
mating surface 132. The groove 134 is a clearance
groove. In addition to the clearance groove 134, each
bearing 112 and 118 incudes a lubrication groove 138
that is defined in the inner diameter surface 130 along
the axial direction relative to the respective axis A, B
(shown in Fig. 3) to provide clearance for lubrication to
enter the bearing 112, 118.

[0015] For each bearing 112, 118, the lubrication
groove 138 is defined in a portion of the inner diameter
surface 130 proximate the mating surface 132, i.e., in the
opposite half of the bearing surface from the portion 136.
For the drive bearing 112, the clearance groove 134 and
the lubrication groove 138 are both defined in an inlet
half of the inner diameter surface 130, i.e., to the right of
the centerline CL in Fig. 2. For the driven bearing 118,
the clearance groove 138 is in the inlet half, e.g., to the
leftofthe centerline CL in Fig. 2 and the lubrication groove
134 is in the outlet half. Each groove 134, 138 has a
lunate cross-sectional shape in axial cross section as
viewed in Fig. 2. The clearance grooves 134 are centered
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on an angular axis separated by angle 61, e.g. about -45
degrees, and 64, e.g., 135 degrees, from their respective
lateral axis C, D. The lubrication grooves 138 are cen-
tered on an angular axis separated by angle 62, e.g., 60
degrees, and angle 63, e.g. about -60 degrees, from their
respective lateral axis C, D. Angles 61 and 64 are about
180 degrees apart.

[0016] Of the four gear bearings 112, 114, 118, 120
(all shown in Fig. 1), two are pressure loaded against the
gears 102, 102 and move radially relative to the respec-
tive axes A, B, under pressure before equilibrium is
reached where everything is sealed, e.g., during start up.
Without the clearance grooves 134, the shafts 110, 116
contact bearing surfaces 130 (shown in Fig. 2), causing
leakage. Grooves 134 alleviate this leakage. Grooves
134 are in a normally inactive region of the bearing sur-
faces 130 and so allow the shafts 110, 116 of gears 102,
104 to move fully within the bore 128 without making
contact with the bearing surfaces 130. This can improve
the volumetric efficiency of the pump 100 and prevent
damage to the bearings 112, 114, 118, 120.

[0017] The non-concentric grooves 134 in the bearing
ID surfaces 130 allow for larger gear motion before the
gears 102, 104 contact the bearings 112, 118. Gear con-
tact with bearings 112, 118 can cause damage or move
the bearings 112, 118 to open internal leakage paths.
This design can accommodate the large gear motion dis-
tance without any detriments.

[0018] The methods and systems of the present dis-
closure, as described above and shown in the drawings,
provide for gear pumps with superior properties including
improved pump performance. While the apparatus and
methods of the subject disclosure have been shown and
described with reference to preferred embodiments,
those skilled in the art will readily appreciate thatchanges
and/or modifications may be made thereto without de-
parting from the scope of the invention as defined by the
claims.

Claims

1. A bearing for a gear pump comprising:

a bearing body (126) defining a bearing bore (128)
defined therethrough along an axis for receiving a
gear shaft (110), wherein the bearing bore defines
a cylindrical bearing inner diameter surface (130),
the bearing body defining an outer mating surface
(132) configured for mounting to another bearing
body, wherein a groove (134) is defined in the inner
diameter surface along an axial direction relative to
the axis to provide clearance for gear journal motion
between the inner diameter surface and the gear
shaft, wherein the groove is defined in a portion of
the inner diameter surface opposite the mating sur-
face.

2. Thebearing as recited in claim 1, wherein the groove
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is defined in a half of the inner diameter surface that
is farthest from the mating surface.

The bearing as recited in claim 1 or 2, wherein the
groove is a clearance groove and further comprising
a lubrication groove (138) defined in the inner diam-
eter surface along the axial direction relative to the
axis to provide clearance for lubrication to enter the
bearing.

The bearing as recited in claim 3, wherein the lubri-
cation groove is defined in a portion of the inner di-
ameter surface proximate the mating surface.

The bearing as recited in claim 3 or 4, wherein the
lubrication groove is defined in a half of the inner
diameter surface that is closest to the mating sur-
face.

The bearing as recited in claim 3, 4 or 5, wherein the
clearance groove and the lubrication groove are both
defined in an inlet half or an outlet half of the inner
diameter surface.

The bearing as recited in any preceding claim,
wherein the groove has a lunate cross-sectional
shape in axial cross section.

A bearing assembly for a gear pump comprising:

a first bearing (112) including:

afirst bearing body (126) defining a first bearing
bore (128) defined therethrough along a first axis
for receiving a first gear shaft (110), wherein the
first bearing bore defines a first cylindrical bear-
inginner diameter surface (130), the firstbearing
body defining a first outer mating surface (132),
wherein a first groove (134) is defined in the first
inner diameter surface along an axial direction
relative to the first axis to provide clearance for
gear journal motion between the first inner di-
ameter surface and the first gear shaft, wherein
the first groove is defined in a portion of the first
inner diameter surface opposite the first mating
surface; and

a second bearing (114) including:

a second bearing body defining a second bear-
ing bore defined therethrough along a second
axis for receiving a second gear shaft, wherein
the second bearing bore defines a second cy-
lindrical bearing inner diameter surface, the first
bearing body defining a second outer mating
surface that is mounted to the first mating sur-
face, wherein a second groove is defined in the
second inner diameter surface along an axial
direction relative to the second axis to provide
clearance for gear journal motion between the
second inner diameter surface and the second
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10.

1.

12.

13.

14.

gear shaft, wherein the second groove is defined
in a portion of the second inner diameter surface
opposite the second mating surface.

The bearing assembly as recited in claim 8, wherein
the first groove is defined in a half of the first inner
diameter surface that is farthest from the first mating
surface, and wherein the second groove is defined
in a half of the second inner diameter surface that is
farthest from the second mating surface.

The bearing assembly as recited in claim 8 or 9,
wherein the first groove is a first clearance groove
and further comprising a first lubrication groove de-
finedin thefirstinner diameter surface along the axial
direction relative to the first axis to provide clearance
for lubrication to enter the first bearing, and wherein
the second groove is a second clearance groove and
further comprising a second lubrication groove de-
fined in the second inner diameter surface along the
axial direction relative to the second axis to provide
clearance for lubrication to enter the second bearing.

The bearing assembly asrecitedin claim 10, wherein
the first lubrication groove is defined in a portion of
the first inner diameter surface proximate the first
mating surface, and wherein the second lubrication
groove is defined in a portion of the second inner
diameter surface proximate the second mating sur-
face.

The bearing assembly as recited in claim 10 or 11,
wherein the first lubrication groove is defined in a
half of the first inner diameter surface that is closest
to the first mating surface, and wherein the second
lubrication groove is defined in a half of the second
inner diameter surface that is closest to the second
mating surface.

The bearing assembly as recited in claim 10, 11 or
12, wherein in the first bearing, the first clearance
groove and the first lubrication groove are both de-
fined in an outlet half of the first inner diameter sur-
face, and in the second bearing, the second clear-
ance groove is defined in an inlet half of the second
inner diameter surface and the second lubrication
groove is defined in an outlet half of the second inner
diameter surface.

The bearing assembly as recited in any of claims 8
to 13, wherein the firstgroove and the second groove
each have a lunate cross-sectional shape in axial
cross section.
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